Abstract. Circular RNAs (circRNAs) have a great potential as clinical biomarkers; however, specific circRNAs with a diagnostic value for essential hypertension (EH) largely remain to be identified. In the present study, the potential application of Homo sapiens (hsa)_circ_0014243, which was identified to be significantly upregulated in whole blood samples of EH patients in a previous microarray profiling study by our group, in the diagnosis of EH was evaluated. Reverse transcription-quantitative polymerase chain reaction analysis was performed to determine the expression levels of hsa_circ_0014243 and hsa-microRNA (miR)-10a-5p in a total of 178 blood samples collected from 89 healthy controls and 89 patients diagnosed with EH. Divergent primers were designed for circRNAs, while conventional primers were used for miRs. Independent-samples t-tests and bivariate correlation analyses were performed to analyze the association between clinical factors influencing EH and hsa_circ_0014243 expression levels. A receiver operating characteristics (ROC) curve was generated to estimate the diagnostic value of hsa_ circ_0014243 for EH. Finally, the expression levels of circRNAs and miRNAs were combined to propose a possible prediction model for EH. The results indicated that hsa_circ_0014243 was upregulated in whole blood samples of EH patients compared with that in the controls (P<0.001). Furthermore, the relative expression levels of hsa_circ_0014243 (Δ quantification cycle) were identified to be significantly correlated with age (r=-0.259, P<0.001), high-density lipoprotein levels (r=0.196, P=0.009) and glucose levels (r=-0.204, P=0.006). The area under the ROC curve (AUC) of the model using hsa_circ_0014243 as a predictor was 0.732. Of note, the AUC increased to 0.781 when hsa_circ_0014243 levels were combined with hsa-miR-10a-5p levels as predictors. The present results suggest that hsa_circ_0014243 has a crucial role in the genesis and development of EH, and presents a certain diagnostic capability for
Introduction
Essential hypertension (EH) is a multi-factorial chronic disease that is characterized by elevated arterial pressure and may be accompanied by pathological changes in organs including the heart, blood vessels, kidney and brain. Environmental as well as hereditary factors have prominent roles in the initiation and development of EH (1) . EH affects all income groups in the world and the World Health Organization estimated that 29.2% of the world's population will suffer from hypertension by 2025 (2) . Studies have demonstrated that low-grade inflammation in vascular tissues causes endothelial dysfunction and promotes oxidative stress, and is therefore a major contributor to the physiopathology of EH (3, 4) . However, the molecular mechanisms underlying the pathology of EH, including the roles of circular RNAs (circRNAs), remain to be fully elucidated.
CircRNAs are widely expressed in mammalian cells and constitute a class of endogenous non-coding RNAs without 5' caps or 3' tails (5, 6) . In contrast to linear RNAs, circRNAs are synthesized from transcripts derived from exons and/or introns by back-splicing (7, 8) . Several studies have demonstrated that circRNAs regulate gene expression and act as specific microRNA (miRNA/miR) sponges by weakening the inhibitory effects of miRNAs on their associated target mRNAs (9) . Certain circRNAs are important genetic material of polygenic inheritance and have the ability to inhibit the degradation by RNase R or RNA exonuclease (10) . Furthermore, an RNA Circular RNA hsa_circ_0014243 may serve as a diagnostic biomarker for essential hypertension SHUYING ZHENG 1 , TIANLUN GU sequencing analysis using human whole blood samples identified circRNAs as a novel class of putative biomarkers (11) . In view of all of these traits, future studies should focus on investigating circRNAs to establish a stable biomarker system that may improve the diagnosis and treatment of associated diseases.
A present, microRNAs are more extensively studied than circRNAs. Certain miRNAs have been reported to be involved in cardiovascular diseases and were demonstrated to be closely associated with EH (12, 13) . Zheng et al (14) suggested that miR-155 levels are negatively correlated with blood pressure. Recent studies indicated that Homo sapiens (hsa)-miR-10a-5p represses the inflammatory response by inhibiting nuclear factor (NF)-κB activation (5, 15) . Therefore, it may be speculated that hsa-miR-10a-5p is negatively correlated with EH. However, the function and regulatory mechanisms underlying the roles of circRNAs and miRNAs in EH progression remain to be elucidated.
Hsa_circ_0014243 is a circRNA with a spliced length of 2,166 nt. As presented in Fig. 1, hsa_circ_0014243 is a type of circular intronic RNA that is formed by the circularization of introns. Hsa_circ_0014243 contains multiple miRNA-binding sites on its surface, including a hsa-miR-10a-5p-binding site. Hsa_circ_0014243 is located on chromosome 1:153606457-153618782 and its encoding gene is chromatin target of protein arginine methyltransferase 1. In the present study, the association between hsa_circ_0014243 and EH was investigated based on previous results indicating that hsa_ circ_0014243 expression is upregulated in whole blood samples of EH patients (16) . Furthermore, bioinformatics prediction indicated the presence of a potential hsa-miR-10a-5p-binding site on the surface of hsa_circ_0014243.
Materials and methods

Patients and samples.
A total of 178 subjects, comprising 89 healthy controls and 89 patients diagnosed with EH, were recruited at Ningbo Seventh Hospital and Community Health Service Center of Baizhang and Dongjiao Street (Ningbo, China). Following the guidelines established by the American Heart Association and American College of Cardiology in 2017, EH patients were defined as individuals whose three consecutive measurements of systolic blood pressure (SBP) were ≥140 mmHg and/or diastolic blood pressure (DBP) ≥90 mmHg (17) . The controls had a SBP and DBP of <130 and <85 mmHg, respectively, and had never been diagnosed with hypertension by reliable health facilities. All controls and EH patients were recruited from Han Chinese families who resided in Ningbo City for at least three generations. All participants had similar occupations as office staff and their age ranged from 35 to 75 years and their median age was 64 years old. In addition, none of the individuals had genetic hypertension or any other serious condition, including secondary hypertension, diabetes mellitus, heart disease, kidney disease, malignant cancer, cerebrovascular disease, thyroid disorder or drug abuse. Whole blood samples collected from the participants were immediately stored at -80˚C.
The participants filled in a standard questionnaire assessing demographic features and environmental factors. Physical examination and laboratory measurements were performed by experienced medical staff. Demographic features and environmental factors assessed included sex, age, history of smoking and drinking, family history and medication history. Physical examination comprised the measurement of routine parameters, including height, weight and blood pressure, while the laboratory examination mainly included the measurement of blood glucose and blood lipid levels.
Reverse transcription-quantitative polymerase chain reaction (RT-qPCR) analysis of hsa_circ_ 0014243 and hsa-miR-10a-5p. Total RNA was extracted from whole blood samples with TRIzol reagent (BioTeke, Beijing, China) according to the manufacturer's instructions. Agarose gel electrophoresis was performed to evaluate RNA integrity. Total RNA quantity and purity was determined using the Multiskan™ GO Microplate Spectrophotometer (Thermo Fisher Scientific, Inc., Waltham, MA, USA).
CircRNA from total RNA was reverse-transcribed to complementary (c)DNA using the GoScript™ RT system (Promega Corporation, Madison, WI, USA). RT of the circRNAs was performed using the following conditions: 42˚C for 15 min and 70˚C for 15 min, followed by storage at -20˚C. miRNAs from total RNA were reverse transcribed into cDNA using the miRcute Plus miRNA First-Strand cDNA Synthesis Kit (Tiangen, Beijing, China) following the manufacturer's protocol. RT of miRNAs was performed using the following conditions: Incubation at 42˚C for 60 min, 95˚C for 3 min and storage at -20˚C. RT was performed in a Mastercycler pro PCR System (Eppendorf, Hamburg, Germany).
Real-time qPCR was performed using the miRcute Plus miRNA qPCR Detection Kit (Tiangen) and the GoTaq qPCR Master Mix (Promega) according to the manufacturer's protocols on a Roche LightCycler 480 Real Time PCR instrument (Roche Diagnostics, Basel, Switzerland). Commonly used references were selected as controls based on the experimental methods used by previous studies. GAPDH was amplified as the internal control for analysis of circRNA levels (18, 19) , while Caenorhabditis elegans (cel)-miR-39 was amplified as the external control for miRNA levels (20) . Instead of the commonly used convergent primers, divergent primers were designed for circRNA amplification, while primers for miRNAs were designed using the conventional method. The reason why circRNAs primers differ from linear RNA is that circRNA is derived from reverse splicing of RNA transcript and the specific expression of the splicing site can be demonstrated by the reverse primer that covers the splicing site in the amplification region as shown in Fig. 1 . The authors of the current study evaluated putative interactions between the miRNA sequences and hsa_circ_0014243 using Circular RNA Interactome (https://circinteractome.nia.nih.gov/). The primers were synthesized by Invitrogen (Shanghai, China) and their sequences are presented in Table I . The reaction conditions for circRNA amplification were as follows: 95˚C for 2 min and 45 cycles of 95˚C for 5 sec, 58˚C for 30 sec and 72˚C for 30 sec. The miRNAs were amplified using the following profile: Denaturation at 95˚C for 15 min; five cycles of 94˚C for 20 sec, 65˚C for 30 sec and 72˚C for 34 sec; and extension with 45 cycles of 94˚C for 20 sec and 60˚C for 34 sec. Expression levels were determined by using the ΔC q method with GAPDH or cel-miR-39 as a reference (21) . All experimental data are expressed as the mean ± standard deviation of three measurements.
Statistical analysis. Experimental data were analyzed using SPSS 22.0 software (IBM Corp., Armonk, NY, USA). GraphPad Prism 5.0 software (GraphPad Software, La Jolla, CA, USA) was used to generate graphs. Continuous variables, including ΔC q value, age, body mass index (BMI), high-density lipoprotein (HDL), low-density lipoprotein (LDL) levels, triglyceride levels, total cholesterol (TC) levels, serum creatinine levels and neutrophil granulocyte counts were compared between controls and EH patients using Student's t-test. Pearson's correlation analysis or Spearman's rank correlation analysis was performed to assess the correlation between hsa_ circ_0014243 expression and patient characteristics. Pearson's χ 2 test was performed to analyse the association between categorical variables (smoking history, drinking history and sex) in the two patient groups. Logistic regression was performed with the continuous variable method to identify confounding factors (22) . Receiver operating characteristic (ROC) curves were generated to evaluate the diagnostic value of the predictive variables. A two-sided P<0.05 was considered to indicate a statistically significant difference. Table II presents the comparison of characteristics between the 89 healthy controls and 89 EH patients. The controls and EH patients exhibited no significant differences in sex and age. However, the subjects in the control and EH groups had significant differences in smoking (t=11.38, P<0.001), drinking (t=4.93, P=0.026), BMI (t=3.54, P<0.001), HDL levels (t=-2.23, P=0.027), blood uric acid levels (t=2.29, P=0.023), TG (t=2.40, P=0.018), homocysteine levels (t=2.48, P=0.014) and glucose levels (t=2.61, P=0.032). RT-qPCR was performed to determine whether hsa_circ_0014243 expression levels were associated with hsa-miR-10a-5p levels, which have been recognized to be correlated with EH (23 Fig. 2 , the expression levels of hsa_circ_0014243 were upregulated in whole blood samples of EH patients relative to those in the controls. Fig. 3 , males and females exhibited statistically significant differences in ΔC q values for hsa-miR-10a-5p (P<0.001; Fig. 3A ), indicating that males had significantly lower expression levels when compared with females. Non-smokers had significantly higher ΔC q values for hsa-miR-10a-5p relative to smokers (P=0.008; Fig. 3B ). However, hsa_circ_0014243 was not significantly associated with sex (P=0.898; Fig. 3A ), smoking history (P=0.841; Fig. 3B ) and drinking history (P=0.854; Fig. 3C ).
Results
Hsa_circ_0014243 expression is upregulated in whole blood samples of EH patients.
Association between hsa_circ_0014243 levels and various factors potentially associated with EH. As presented in
The correlation between hsa_circ_0014243 expression levels and various indicators of physiological, biochemical and behavioral characteristics of the subjects, which comprised 89 healthy controls and 89 EH patients, was then assessed. Pearson correlation analysis was applied to binary normal distribution data, while Spearman's rank correlation was used for non-normally distributed data and ranked data. As presented in Table III , the expression levels of hsa_circ_0014243 were significantly associated with age (r=-0.259, P<0.001), HDL levels (r=0.196, P=0.009) and glucose levels (r=-0.204, P=0.006), but not with any of the other characteristics assessed, including BMI, sex, and smoking and drinking history.
Potential value of hsa_circ_0014243 as a biomarker for EH.
The results of the logistic regression analysis with P-value adjustment indicated that the ΔC q values of hsa-miR-10a-5p [odds ratio=1.344, 95% confidence interval (CI): 1.094-1.652, P=0.005] and hsa_circ_0014243 (odds ratio=0.546, 95% CI: 0.414-0.720, P<0.001) were significant predictors of EH (Table IV) . The odds ratio above/below 1 indicates that hsa_ circ_0014243 is a risk factor and hsa-miR-10a-5p a protective factor regarding EH. Furthermore, sex (odds ratio=0.218, 95% CI: 0.070-0.684, adjusted P=0.009) smoking (odds ratio=5.534, To further explore the potential value and evaluate the accuracy of hsa_circ_0014243 in the diagnosis of EH, the ROC curve was generated using hsa_circ_0014243 as the predictor. A larger value of the area under the ROC curve (AUC) indicates a greater diagnostic value and a better prediction performance. As presented in Fig. 4A , an AUC of 0.732 was obtained using hsa_circ_0014243 as the predictor. The sensitivity and specificity were 0.708 and 0.674, respectively; the cut-off value was 15.010. The AUC of 0.666 was obtained using hsa-miR-10a-5p as predictor, and the sensitivity and specificity were 0.708 and 0.584, respectively; the cut-off value was 4.247. When the expression levels of hsa_ circ_0014243 were combined with those of hsa-miR-10a-5p, the AUC increased to 0.781, with corresponding sensitivity and specificity values of 0.865 and 0.584, respectively; the cut-off value was 0.377. As presented in Fig. 4B , the AUC of the model increased to 0.804 when hsa_circ_0014243 was combined with other risk factors, including smoking history, drinking history and BMI, for EH as predictor variables; the cut-off value of this combination was 0.516. Furthermore, to determine the corresponding diagnostic value of the model in population, ROC curves were generated in population sub-groups based on sex and age. Of note, the AUC of the ROC for hsa_circ_0014243 for predicting EH in males and individuals aged <60 years was 0.754 and 0.777, respectively ( Fig. 4C and D) ; the cut-off values were 15.145 and 16.180, respectively. For men aged <60 years, the AUC obtained for using hsa_circ_0014243 as a predictor was 0.820 and the cutoff value was 14.605.
Discussion
circRNAs are covalently closed RNA molecules that are widely expressed in human cells (11) . circRNAs are abundant, and circRNA levels may exceed those of their linear isomers by >10-fold in certain cases (24) . In addition, compared to other non-coding linear RNAs, the most important properties of circRNAs are the highly conserved sequences that exhibit tissue-specific and stable expression in mammalian cells (24, 25) . These characteristics make circRNAs ideal biomarkers for certain diseases. An increasing number of circRNAs have been suggested as biomarkers for cancer and cardiovascular diseases. Previous studies have demonstrated the potential use of hsa_circ_0001895 and hsa_circ_0074362 as biomarkers for gastric cancer (18, 26) . Jiang et al (27) reported that the circRNA cerebellar degeneration related protein 1 antisense, may serve as a prognostic biomarker for cholangiocarcinoma. However, to date, only few circRNAs have been reported as ideal biomarkers for EH. In the present study, hsa_circ_0014243 was revealed to be significantly upregulated in EH patients relative to controls and logistic regression analysis identified it as an important risk factor for EH. The diagnostic value of this circRNA was then evaluated by ROC curve analysis. Compared with hsa-miR-10a-5p, hsa_circ_0014243 was upregulated in EH and had a higher AUC and a higher specificity. Previous research has indicated that circRNAs may serve as potential risk factors of EH and the reported AUC for hsa_circ_0037911 and hsa_ circ_0002161 was 0.627 and 0.573, respectively (16) . In the current study, hsa_circ_0014243 had a higher diagnostic value compared with hsa_circ_0037911 and hsa_circ_0002161. These results indicated that hsa_circ_0014243 has a high potential as a biomarker for EH.
Although the function and regulatory mechanisms underlying the effects of circRNAs in the formation and development of cardiovascular disease remain to be fully elucidated, studies have demonstrated that circRNAs regulate gene expression by acting as specific miRNAs sponges. Wang et al (28) reported that heart-related circRNA directly binds to miR-223 and acts as a specific miRNA sponge to inhibit heart failure and cardiac hypertrophy. Thus, circRNA-miRNA interactions are likely to be involved in intricate regulatory networks by regulating the expression levels of target genes. The bioinformatics prediction research indicated an interaction between hsa-miR-10a-5p and hsa_circ_0014243. Previous studies indicated that hsa-miR-10a-5p may be transferred from endothelial cells to monocytic cells and suppress inflammation by inhibiting NF-κB activation, which targets the β-transducin-repeat-containing gene and the 3'-untranslated region of the gene encoding mitogen-activated protein kinase-7 (5, 15) . Therefore, the present study hypothesized that hsa-miR-10a-5p is negatively associated with EH. The results revealed that hsa_circ_0014243 was upregulated (P<0.001) and hsa-miR-10a-5p was downregulated (P<0.001) in patients diagnosed with EH relative to those in control subjects. It is likely that hsa_circ _0014243 acts as a specific sponge targeting hsa-miR-10a-5p, possibly to participate in the genesis and development of EH. Multiple studies have demonstrated the potential value of certain circRNAs as biomarkers for various types of cancer and cardiovascular disease. To the best of our knowledge, the present study was the first to demonstrate that hsa_ circ_0014243 expression is upregulated in EH (P<0.001 vs. controls) and thus exhibits a marked diagnostic value.
Of note, sex and lifestyle factors, including smoking and drinking, were identified as crucial factors involved in the development and progression of EH. Male sex and smoking were identified to be associated with lower hsa-miR-10a-5p expression levels, which were identified as a risk factor for EH based on logistic regression analysis. The above results were consistent with the known increased risk of smokers to develop EH. However, logistic regression results demonstrated that males were less likely to have an occurrence of EH compared with females. A national hypertension survey from China revealed that, in 18-44-year-olds, the prevalence rate of EH in males was higher than that in females (20.6/14.3%); in 45-59-year-olds, the prevalence rate of EH in males was close to that in females (40.4/39.8%); and in >60-year-olds, the prevalence rate of EH in males was lower than that in females (57.4/59.0%) (29) . Given that the median age of male and female individual in the current study was >60 years old, it was hypothesized that females are at greater risk of developing hypertension than males due to low estrogen level after menopause. Willinger et al (30) reported six miRNAs detected in whole blood samples that were significantly associated with the three-level smoking status. Another study indicated that cigarette smoke exposure may induce pulmonary hypertension by downregulating the mRNA expression of the potassium channels Kv1.5 and Kv2.1 mRNA in rats (31) . However, the roles of miRNAs or circRNAs in smoking-induced EH remain largely elusive.
Epidemiology studies on hypertension have reported that the prevalence of hypertension increases with advancing age and is associated with various alterations in the autonomic regulation of the cardiovascular system (32) . An estimated 90% of individuals who are non-hypertensive at 55 years of age will develop hypertension in their lifetime (33) . Hence, the present study investigated the effects of aging on hsa_circ_0014243 expression levels. The results suggested that the expression levels of hsa_circ_0014243 are correlated with age and increase with advancing age (P<0.001). Given that circRNAs are upregulated on a genome-wide scale with advancing age in Drosophila, mice and Cel (33) (34) (35) , aging-associated circRNA accumulation appears to be a universal phenomenon among different species. Cheng et al (36) reported that circRNA_104816 and circRNA_103827 levels in human granulosa cells are positively associated with maternal age. Another study reported that hsa_circ_0000069 levels were upregulated in colorectal cancer tissues when compared with adjacent noncancerous tissues that the levels correlated positively with the patients' age (37) . Therefore, it is required to identify factors that potentially contribute to aging-associated accumulation of circRNAs. Recent studies proposed that the high stability of circRNAs and alterations in alternative splicing of circRNAs contribute to cardiovascular diseases (38) . The enhanced stability of circRNAs may gradually accumulate over time as a result of uninterrupted transcription, which may explain for the observed increases in circRNA levels with increasing age (35) . In addition to the potential role of the high stability of circRNA in aging-associated circRNA accumulation, back-splicing may also explain for the aging-associated accumulation of circRNAs (38) . Thus, it may be speculated that hsa_circ_0014243 accumulates in individuals with age and then induces EH once it reaches a high concentration.
Previous studies have indicated that certain clinical characteristics and lifestyle habits may be associated with circRNA expression levels. In the present study, Pearson or Spearman's rank correlation analysis was performed to evaluate the correlation between the levels of hsa_circ_0014243 and various factors that potentially contribute to EH. Considering that circRNAs may affect some hypertension-associated factors and lead to blood pressure changes, the authors have provided an explanation for the changes in blood pressure caused by aberrant expression of this circRNA. The levels of hsa_circ_0014243 were indicated to be negatively correlated with HDL levels. It has been proven that HDL is one of risk factors for high blood pressure and the blood pressure may increase with the levels of HDL. It may be hypothesized that hsa_circ_0014243 affects the blood pressure by changing the concentration of HDL. Values were analysed using the continuous variables method in a logistic regression analysis. CI, confidence interval; OR, odds ratio; ALT, alanine transaminase; AST, aspartate transaminase; BMI, body mass index; BUA, blood uric acid; BUN, blood urea nitrogen; HCY, homocysteine; HDL, high-density lipoprotein; LDL, low-density lipoprotein; TG, triglyceride; TC, total cholesterol; Scr, serum creatinine; hsa, Homo sapiens; circ, circular RNA; miR, microRNA; Y, yes; N, no; M, males; F, females.
Of note, the present study has several limitations. First, the levels of hsa-miR-10a-5p and hsa_circ_0014243 were analyzed in only 89 healthy controls and 89 EH patients, and more samples should be analyzed in future studies. Furthermore, the present study did not include any cell culture or animal model studies that may have increased the credibility of the causality indicated by the current results. Third, no Luciferase assay was performed to confirm the direct binding interaction of hsa-miR-10a-5p and hsa_circ_0014243. These limitations will be addressed in future studies by our group.
In conclusion, the results of the present study indicated that the levels of hsa_circ_0014243 were upregulated in patients with EH. It may be hypothesized that hsa_circ_0014243 acts as a specific sponge of hsa-miR-10a-5p, whose expression levels are known to be downregulated in EH. Hsa_circ_0014243 levels were identified to be significantly associated with age, HDL levels and glucose levels. The present results suggest a crucial role of hsa_circ_0014243 in the genesis and development of EH and its potential use as a biomarker for the diagnosis of EH.
